Abstract The incidence of breast cancer in post-menopausal women has been affected by the introduction of national breast screening programmes. The study describes the incidence of breast cancer in Scottish women aged 50-64 by year of birth before, during, and after the prevalent round of screening. Breast cancer registrations in Scotland for women aged 45-69 years from 1977 to 2003 were obtained. Birth cohort incidence rates were calculated and interpreted in the light of screening patterns at particular calendar time points. In the years before screening, there was a small rise in breast cancer incidence by birth cohort in women aged 50-54 which was not seen in other ages. During the prevalent screening round, incidence increased significantly with increasing birth cohort and thereafter continued rises in incidence by birth cohort occurred. The observed rise in breast cancer incidence among post-menopausal women is likely to be due to both screening effects and a true increase in incidence.
Introduction
The incidence of breast cancer in Scotland is rising in common with many other countries, with the increase being greatest among post-menopausal women [1] [2] [3] . The increase may be artefactual or real. The most likely explanation for an artefactual increase is the introduction of a national breast screening programme, which would be expected to detect earlier, asymptomatic breast cancers and thus result in a transient rise in incidence during its initial ''prevalent'' round [4, 5] . In Scotland, the prevalent round of screening began in 1987 and was gradually extended throughout the country to all eligible women aged 50-64 years by 1994. An age extension to 70 years was introduced in certain areas of Scotland in 2003.
A true increase in incidence of breast cancer might be due to changing reproductive patterns [2, 6] as nulliparity and late age at first pregnancy are significant risk factors for the development of the disease [7] [8] [9] [10] . Populationbased changes in other factors such as alcohol consumption may also be contributing [11] . Changing fertility patterns are postulated to have a distinct cohort effect on breast cancer incidence rates [2, 3, 9] . Women born in the same year or year range (birth cohort) can be expected to have similar incidence rates at any age as a result of similar population 'risk exposure' during their reproductive years. However, these birth cohort effects are altered by the introduction of a national breast screening programme as it selectively increases cancer detection in some birth cohorts in particular calendar years.
We have not identified published analyses of breast cancer trends that have attempted to disentangle these artefactual and real components of rising incidence rates. Our aim was to describe patterns of breast cancer incidence in Scotland over a period when the first round of a national breast cancer screening programme was introduced and completed and to distinguish between birth cohort effects (which might indicate true changes in incidence) and the effects of screening.
Methods
We obtained data on all new diagnoses of female breast cancer in Scotland between the calendar years 1977 and 2003 inclusive from the Scottish Cancer Registry, which operates within the Information Services Division of the NHS in Scotland. The Registry collects all incident cases of cancer nationwide via a compulsory notification system. Age and year specific breast cancer incidence rates per 100,000 were supplied to us for women aged 45-69 years. We calculated 5 calendar year mean incidence rates for ages 45-49, 50-54, 55-59, 60-64 and 65-69 for each birth year cohort from 1920 to 1949. We identified the point-if there was one-at which each birth cohort became eligible for screening in the initial round between 1987 and 1994. Breast cancer incidence rates were then plotted against birth year for each age range in a Lexis diagram, with the period indicated at which eligibility for screening began. Ninety five percent confidence intervals for the differences in breast cancer incidence rates between years were calculated using the method described by Altman and others for differences in proportions for paired samples [12] . Data on the NHS Breast Screening Programme in Scotland itself were also requested from the Information Services Division in order to aid the interpretation of the findings.
Results
In Scottish women the age-adjusted (to European population) incidence rate of breast cancer has increased by 46% from 80. Figure 1 shows breast cancer incidence rates in women aged 50-64 by birth year cohort, with incidence rates grouped by 5-year age-group. Each point represents the age-group mean incidence rate of women born in the same year. The data for each point are therefore necessarily drawn from 5 calendar years and can be interpreted as rolling averages. For example, women born in 1933 were aged 50-54 between 1983 and 1987. Some of the 50-54-year old age-group who were born in 1933 were thus eligible for screening when the round began in 1987, albeit only those aged 54. In the 1934 birth cohort, only 53 and 54-year olds were eligible for screening. The 1937 birth cohort was thus the first in which all 50-54-year olds were eligible for screening in the prevalent round. Similarly, as women in the oldest ages of any age-group reach the end of the prevalent round in 1994 they will then go on to be screened during the established (''incident'') round of screening. Thus the 1940 cohort is the last in which all 50-54-year olds might be part of the prevalent screening round. Figure 1 shows that the incidence of breast cancer was higher with increasing age between 50 and 64 years. This was consistently found in all birth year cohorts. In 50-54-year olds and 55-59-year olds there were small increases in incidence with birth cohort year before the screening programme began. In all age-groups there were significant rises in incidence throughout the duration of the prevalent round. The fall in incidence that was expected after the majority of Scottish women had been screened at least once [4] was not observed. Large rises in breast cancer incidence with increasing birth cohort continued after the screening programme had been fully established (although as described below, the confidence intervals were wide). Rising incidence with increasing birth cohort occurred in parallel across all three age categories.
In 50-54-year olds, cohort incidence changed from 141. 7 Figure 2 shows breast cancer incidence in the same birth cohorts presented in Fig. 1 but for women in the 5-year age-groups below and above the screening ages. There was no appreciable change in incidence in 65-69-year olds from the 1922 to the 1948 birth cohort. Among 45-49-year olds, there was little change in incidence until the 1942 birth cohort and a small but non-significant rise thereafter from 160.6 to 175.3 (a rise of 14.7 cases/10 5 female population, 95% CI -21.1 to 50.5) in the 1948 cohort.
Discussion
Our analysis confirms that significant increases in breast cancer incidence in the United Kingdom have occurred among women who were eligible for screening. The anticipated fall in incidence after the prevalent round of screening had been completed was not observed. Instead, there was a suggestion that continued increases in incidence among 50-64-year old women occurred. Increases in incidence had also been developing before the screening programme began (as demonstrated by the incidence rise with birth cohort in women aged 50-54). True increases in incidence-possibly due to changing reproductive patterns-rather than screening may explain these patterns. Such an explanation is supported by the fact that breast cancer incidence has been shown in many countries worldwide to differ between birth cohorts [3, 6, 13] ; women born in different years may have different population risk exposures as a result of trends in fertility while they were in the reproductive years of life and hence have a different risk of breast cancer at all ages. This could impact on population incidence. Several studies have shown links with trends birth cohort incidence of breast cancer and the corresponding population fertility trends related to each birth cohort year [3, 6, 13] . In Scotland, family size has gradually fallen since the 1935 maternal birth cohort year [14] and this may have contributed to a rise in breast cancer incidence.
Hormone replacement therapy increases risk of breast cancer, with a large meta-analysis of trial results concluding that the risk of breast cancer increases by a factor of 1.023 for every year of use and that this increased risk disappeared 5 years after cessation of use. Changes in the population use of HRT could affect population breast cancer risk and hence population breast cancer incidence. Evidence from Australia and the US [15, 16] suggests that breast cancer incidence could reflect population HRT prevalence. The use of hormone replacement therapy in the UK doubled between 1973 and 1976, fell again and began to rise substantially from the late 1980s onwards; prevalence in England was estimated to have risen from 2.2% of 45-64-year olds in 1987 to 21.7% in 1994 [17] . Between the mid-1990 and 2001 prevalence of use did not change [18] . Data obtained by the authors from the Information and Statistics Division suggests a similar pattern occurred in Scotland. This would therefore not support changes in HRT prevalence being responsible for the breast cancer incidence changes seen here.
Birth cohort incidence of breast cancer in Scotland since the advent of the organised mammographic screening programme has not been reported previously. Variation in the activity of the breast screening programme since its inception may have produced apparent birth cohort incidence effects that are in fact late temporal observational biases. Entry into the ''prevalent'' screening programme is transitional in at least three ways. First, the programme was only introduced to women aged 50-64 over a period of 7 years. In the early years, only a minority of the eligible population would have been screened. As coverage of the population gradually increased, an artefactual increase in the incidence of breast cancer would be expected as more asymptomatic cancers were detected than before [4, 5] . Data on uptake of screening are available from 1990 onwards. These show that about a fifth of all women aged 50-64 participated in prevalent screening each year until it was complete in 1994/1995. The number of incident screens rose through the early 1990s so that by 1992/1993 the number of women screened annually in Scotland reached a plateau of about 100,000, or about 70% of those who were invited. Most of the artificial increase in incidence would therefore have ceased after 1994/1995 and some reduction in incidence due to lead-time bias would be expected for a year or more thereafter. Thus the screening programme would not explain the observed sustained increases in breast cancer incidence. Second, prevalent and follow-up rounds occur simultaneously after several years of a national screening programme. Women in some birth cohorts will have been offered screening during the prevalent round, others will have not been offered screening at all, and some will have been offered screening when the screening programme had long been established. Third, in order to show age and birth cohort specific rates, we have shown 5-year rolling averages. Thus within any given age-group, full eligibility for screening was only achieved after 5 years. In each of the screening groups, the most marked rises in incidence with rising birth cohort year were within the group of women offered screening during the prevalent round. This initial trend might be entirely explained by the increasing national coverage of the Scottish population by screening. Incidence increased with each birth cohort year. However, this does not explain the continued increase in incidence seen with successive birth cohorts in the 50-54 and 55-59 age-groups after the prevalent round had been completed. There were no major technical changes in the screening programme [19] after this time to account for this continued rise. Although confidence intervals for these rises are wide it still appears that this is a true birth cohort effect. In women aged 60-64 during established screening the relationship of incidence to birth cohort was less clear. In women aged 45-49 a non-significant rise in breast cancer incidence was developing from the 1942 cohort onward; in women aged 65-69 there was little change in breast cancer incidence across the different birth cohorts. It may be that in women aged 65-69, the general effect of ageing on cancer incidence is of greater importance than reproductive risk factors.
There are several limitations to this population-based study. One is the potential for misclassification of screening experience. For example, not all women of eligible age were offered or took-up breast screening between 1987 and 1994. However, uptake of breast screening invitations in the NHS breast screening programme in the UK has changed little since the start of the programme [19] and thus variations in screening uptake should not be a significant source of error. The study method attempted to minimise the potential for misclassification by calculating incidence rates for individual birth cohort years instead of ranges, and dividing women into groups based on a calculation of their likely exposure to screening. Many women being screened during the introduction of the prevalent round may in fact have also had a subsequent screen but are still counted amongst 'women being screened during the prevalent round' as it is the overall effect of the prevalent round on the group that is of interest.
In conclusion, while some of the increases in breast cancer incidence in Scotland in women aged 45-64 can be explained by the prevalent round of screening, continued rises in incidence with later birth cohorts are not readily explained by the screening programme. The reasons for the true increase in birth cohort incidence are uncertain. Possible contributing factors are changes in reproductive and hormonal factors such as changing fertility patterns [3, 6, 13, 14] or changes in HRT prevalence.
